The Hippo pathway is a key signaling cascade in controlling organ size. The core components of this pathway are two kinases, Hippo (Hpo) and Warts (Wts), and a transcriptional coactivator Yorkie (Yki). 
Introduction
Epithelial-mesenchymal transition (EMT) and cell migration are fundamental for pattern formation during embryonic development (Thiery et al. 2009 ). In addition, these two cellular processes are critical steps of metastasis, a key event of cancer progression. Therefore, genes and signaling pathways involved in EMT or cell migration are of great interest for both basic and clinical research.
To identify genes that are crucial for epithelial cells to become migratory, border cells in the (Silver and Montell 2001; Beccari et al. 2002) .
Activation of JAK/STAT signaling in outer border cells induces expression of slow border cells (slbo),
which encodes a C/EBP transcription factor (Montell et al. 1992) . Slbo induces expression of focal adhesion kinase (Fak), singed (sn, a homologue of mammalian Fascin), DE-cadherin, armadillo (arm, a Drosophila homologue of β-Catenin), stathmin, and other genes involved in cell migration (Borghese et al. 2006; Wang et al. 2006) . After being specified, outer border cells undergo partial EMT and form a cluster surrounding two polar cells. They detach from the follicular epithelium together and migrate toward the oocyte at stage 9 (Fig. 1I) . By stage 10b, the border cell cluster arrives at the oocyte-nursecell border. Importantly, activation of JAK/STAT signaling is required throughout the migratory process, suggesting that JAK/STAT signaling is critical for both border cell induction and migration (Silver et al. 2005) . As in all migratory cells, actin organization regulated by members of the Rho family GTPases, such as Rac, is crucial for border cell migration . Border cell migration is guided by Gurken (a Drosophila homologue of EGF) and PDGF/VEGF-related factor 1 (PVF1) secreted from the oocyte. In border cells, signaling through PDGF/VEGF-related receptor (PVR) and EGF receptor (EGFR) function together to control their migratory speed and direction Mcdonald et al. 2003; Mcdonald et al. 2006) . Other signaling cascades, such as steroid hormones and the Notch pathway, also affect border cell migration (Bai et al. 2000; Wang et al. 2007; Jang et al. 2009 ). Importantly, homologues of these genes and the same signaling cascades in mammals play roles in regulating cell migration and cancer metastasis (Montell 2003; Naora and Montell 2005; Jang et al. 2007) , demonstrating the relevance of studies of the Drosophila border cells to cancer biology. With powerful genetic tools, it is efficient to use border cells as a model to identify genes or signaling pathways involved in cell migration in vivo.
Recently, the Hippo pathway has been demonstrated to be crucial in multiple aspects of tumorigenesis, including cell migration. Yes-associated protein (YAP, a mammalian homologue of Drosophila Yorkie), a key effector of this pathway, promotes EMT and cell motility in vitro (Overholtzer et al. 2006; Zhao et al. 2008a; Zhang et al. 2009 ). Furthermore, abnormal YAP activity associates with poor survival of ovarian cancer patients significantly (Hall et al. 2010; Zhang et al. 2011b ). These results drew our attention to investigate roles of the Hippo pathway in cell migration.
The Hippo pathway has recently emerged as a critical signaling cascade in controlling organ size by regulating cell proliferation and apoptosis (Lian et al. 2010; Lu et al. 2010; Oh and Irvine 2010; Pan 2010; Halder and Johnson 2011) . The core components of this pathway in Drosophila are Hippo (Hpo), Warts (Wts), Salvador (Sav), Mob as a tumor suppressor (Mats), and Yorkie (Yki). Hpo is an Ste20-like kinase that forms a complex with an adaptor protein Sav and phosphorylates Wts, a nuclear Dbf2-related (NDR) family kinase (Justice et al. 1995; Watson 1995; Harvey et al. 2003; Pantalacci et al. 2003; Wu et al. 2003) . In association with an adapter protein Mats (Lai et al. 2005) , Wts phosphorylates Yki, a transcriptional coactivator (Huang et al. 2005; Wei et al. 2007) . Phosphorylated
Yki interacts with 14-3-3 phosphopeptide binding protein, resulting in cytoplasmic retention and repression of its transcriptional activity (Huang et al. 2005; Dong et al. 2007; Oh and Irvine 2008; Oh and Irvine 2009; Ren et al. 2010b ). When Yki is not phosphorylated, it is localized to the nucleus and interacts with transcription factors such as Scalloped (Sd) to induce target gene expression (Goulev et al. 2008; Zhang et al. 2008; Zhao et al. 2008a) . Most target genes of Yki, such as cyclin E, myc, diap, and bantam, promote cell proliferation or survival (Wu et al. 2008; Ziosi et al. 2010) . These core components are conserved from Drosophila to mammals, suggesting that Hippo pathway functions are essential (Harvey and Tapon 2007; Zeng and Hong 2008; Badouel et al. 2009; Pan 2010) . During oogenesis in Drosophila, the Hippo pathway has also been shown to control proliferation of the follicle cell lineage (Zhao et al. 2008b; Huang and Kalderon 2014) .
Although YAP has been shown to induce EMT and cell migration in cultured cells (Zhao et al. 2008a; Zhang et al. 2009; Xu et al. 2011) , whether YAP/Yki or the Hippo pathway regulates cell migration in vivo remains unclear. In Drosophila, it has been demonstrated that Wts regulates invasion of follicle cells into egg chambers in coordination with basolateral junctional components, such as Fasciclin 2 and Discs large 1 (Zhao et al. 2008b ). Wts has also been shown to be required for border cell migration (Zhao et al. 2008b) . In addition, when we were conducting this study, Lucas et al. showed that Hpo and Wts controlled border cell migration through regulating localization of actin polymerization (Lucas et al. 2013 ) (see Discussion for details). In this study, we find that Hpo in outer border cells controls border cell migration and affects the actin cytoskeleton. In polar cells, the Hippo pathway controls the expression of upd, which activates JAK/STAT signaling activity to promote border cell induction and migration. Together, our data show two distinct mechanisms of the Hippo pathway in outer border cells and polar cells to regulate migration of the border cell cluster. 
Materials and methods

Fly stocks
Antibodies and reagents
The following antibodies were used at indicated dilutions: mouse anti-Fasciclin 
Over-expression and RNAi knockdown
Offspring from crosses of UAS lines and slbo-Gal4;  tub-Gal80 ts /CyO lines were cultured at 18°C until eclosion. Newly eclosed adult flies were collected and grown at 29°C for 40 hours or 54 hours (Gal80 ts experiments), or five to six days before dissection.
Generation of mitotic clones
Mitotic clones were generated by using the FLP/FRT system (Xu and Rubin 1993) . Adult flies eclosed in three days were collected and heat-shocked at 37°C four times over the next two days. On the first day, they were heat-shocked twice for 30 minutes each time with at least three hours' interval. On the second day, they were heat-shocked once for 30 minutes and once for an hour with at least three hours'
interval. Flies were incubated at 25 °C for three or six days before dissection.
Immunostaining and fluorescence microscopy
Flies were dissected in phosphate-buffered saline (PBS) and fixed with 4% paraformaldehyde (PFA) in PBS 20 minutes. After fixation, ovaries were washed with PBT (1XPBS with 0.2% Triton X-100) three times and then incubated with PBTB blocking solution (1XPBS, 0.5% Triton X-100, 5% goat serum, 2.5 mg/ml BSA, and 0.05% sodium azide) for an hour. Ovaries were incubated with primary antibodies in PBTB overnight at 4°C and then with secondary antibodies in PBTB overnight at 4°C.
Ovaries were further stained with DAPI in PBT (1 µg/ml, Sigma) and then mounted with mounting solution [85% glycerol, 1XPBS, 3% propyl gallate (Sigma-Aldrich, USA), and ProLong® Gold
Antifade reagents (Invitrogen, USA)]. All images were taken by Zeiss LSM700 confocal microscope (Carl Zeiss AG, Germany) and processed with Photoshop CS3 (Adobe, USA). For quantification of signal intensity, images of the brightest β-Gal optical slice were quantified by drawing an elliptic field of identical dimensions for each cell and reading of the average intensity in the field by using ImageJ (National Institute of Health, Bethesda, Maryland, USA). A paired Student's t-test was used to compare the signal intensities of the mutant and adjacent control cells.
Analysis of border cell migration
Stage 10 egg chambers were selected and the position of border cell clusters was analyzed. We defined stage 10 as when the oocyte spanned the posterior half of the egg chamber. As an index for migration, these stage 10 egg chambers were categorized based on the location of the border cell cluster as depicted in Fig. 1I . The Wilcoxon rank-sum test was used for analyzing the data of border cell migration. All graphs were plotted with Excel (Microsoft, USA).
Results
hpo and wts are required for migration of the border cell cluster
To examine functions of the Hippo pathway in border cell migration, we generated homozygous wts X1 , hpo [42] [43] [44] [45] [46] [47] , or yki B5 mutant clones in border cell clusters using the FLP/FRT system (Xu and Rubin 1993) .
FRT82B or FRT42D clones were generated as controls. The border cell cluster usually arrives at the oocyte-nurse-cell border by stage 10, so we selected egg chambers at stage 10 and examined whether border cells migrated normally. Instead of using arrival of border cells at the oocyte-nurse-cell border as an indication of stage 10, we defined stage 10 as when the oocyte spanned the posterior half of the egg chamber. As an index for migration, these stage 10 egg chambers were further categorized based on the location of the border cell cluster (Fig. 1I ). Polar cells were identified based on the staining pattern of Fasciclin III (Fas3) (Ruohola et al. 1991) . In comparison with the FRT82B control, migration of border cell clusters with wts mutant outer border cells was attenuated six days after clone induction ( Fig. 1A , B, J), suggesting that wts is required for border cell migration. No border cell cluster containing both wts mutant outer border cells and polar cells was observed (see Discussion).
The migration of border cell clusters with hpo mutant outer border cells was attenuated compared with that in the FRT42D control (Fig. 1C, D, K) , suggesting that hpo is also required for border cell migration. Importantly, when both outer polar cells and border cells were mutant for hpo, the defect was more severe than that when only outer border cells were mutant for hpo (Fig. 1E , F, K). This result suggests that Hpo plays roles in both outer border cells and polar cells for migration of the border cell cluster. Although YAP has been demonstrated to induce EMT and cell migration in cultured cells (Zhao et al. 2008a; Zhang et al. 2009; Xu et al. 2011) , migration of border cell clusters containing yki B5 mutant outer border cells was normal compared with that in the FRT42D control three days after clone induction (Fig. 1G , H, L), indicating that yki in outer border cells is not required for border cell migration. We did not examine yki mutant clones for border cell migration at day six after clone induction because most yki mutant cells differentiated into polar cells at day six as being reported previously (Chen et al. 2011) .
Over-expression of hpo in outer border cells disrupts border cell migration
To examine roles of the Hippo pathway in outer border cells, we used slbo-Gal4 driver to over-express or knockdown Hippo pathway components in these cells specifically (Rorth et al. 1998; Pinheiro and Montell 2004; Inaki et al. 2012) .
RNAi lines obtained from Bloomington Stock Center or Vienna
Drosophila Resource Center have been tested in previous studies (Das Thakur et al. 2010; Genevet et al. 2010; Boggiano et al. 2011; Reddy and Irvine 2011; Chen and Verheyen 2012; Nagaraj et al. 2012; Poernbacher et al. 2012; Jukam et al. 2013) . slbo-Gal4 driven UAS-GFP flies were used as controls.
Unexpectedly, knockdown of hpo or wts in outer border cells by RNAi lines did not affect border cell migration significantly ( Fig. 2A) . It is possible that knockdown of hpo and wts with slbo-Gal4 driver was not efficient enough to cause migratory defects in border cells compared with hpo and wts mutations ( Fig. 1) . Phosphorylation of Yki on Ser residues at positions 111, 168, and 250 by Wts prevents its nuclear localization. Yki with Ser to Ala mutation at residues 111/168/250 has been shown to stay in the nucleus to induce downstream targets constitutively (Oh and Irvine 2008; Oh and Irvine 2009) . Neither over-expression of wild-type yki, yki-S168A, and yki-S111A, S168A, S250A (yki-3SA) nor knockdown of yki by various RNAi lines in outer border cells affected border cell migration ( Fig.   2A ). Together with our result from yki mutant clones in Fig. 1L , these data suggest that yki is dispensable in outer border cells for migration of the border cell cluster. Although knockdown of hpo, wts, and yki or over-expression of yki-3SA with slbo-Gal4 did not affect border cell migration, overexpression of hpo with slbo-Gal4 dramatically disrupted migration ( Fig. 2A) . Canonically, Hpo acts by inhibiting Yki activity. However, over-expression of yki-3SA did not rescue the migratory defect caused by over-expression of hpo ( Fig. 2A) , suggesting that hpo controls border cell migration in an yki-independent manner. The Hippo pathway has been demonstrated to control actin organization in the wing imaginal disc independently of Yki activity (Fernandez et al. 2011) . Since rearrangement of the actin cytoskeleton is crucial for cell migration, we tested whether Hpo affected actin structures. In the control group, filamentous actin (F-actin) was distributed at the front edge of the border cell cluster and very little F-actin was localized to the boundary between border cells at stages 9 and 10 (Fig. 2B,   D ). Over-expression of hpo led to mis-localization of F-actin to the boundary between border cells and between outer border and polar cells (Fig. 2C, E) , suggesting that hpo regulates localization of F-actin at the front edge during cell migration. While we were conducting this study, Lucas et al. showed that polarized distribution of F-actin was disrupted in hpo and wts mutant border cells, which is consistent with our finding (Lucas et al. 2013) .
The Hippo pathway is required in polar cells for migration of the border cell cluster
Because the migratory defect of border cell clusters was more severe when hpo was mutant in both polar and outer border cells than that when hpo was mutant in outer border cells alone (Fig. 1K) , we hypothesized that the Hippo pathway also played a role in polar cells to control the migration of border cell clusters. To examine this hypothesis, we used upd-Gal4 to over-express or knockdown Hippo pathway components in polar cells specifically (Bai and Montell 2002) . Because 10Xstat::gfp (stat-GFP) reporter line was used for some experiments (see below), either UAS-GFP or UAS-RFP was used to visualize upd-Gal4 expression in polar cells and as a control (Fig. 3A, I ). Knockdown of hpo or wts in polar cells severely disrupted border cell migration (Fig. 3B-D, H) , suggesting that hpo and wts are required in polar cells for the migration of border cell clusters. In the canonical understanding of the Hippo pathway, Hpo and Wts phosphorylate and inactivate Yki. Consistently, over-expression of yki-3SA in polar cells showed a similar migratory defect as hpo or wts knockdown (Fig. 3J , K, O).
Knockdown of yki or over-expression of hpo in polar cells did not affect border cell migration (Fig.   3E , G, H). Although Yki predominantly form a transcription complex with Sd (Goulev et al. 2008; Ota and Sasaki 2008; Wu et al. 2008; Zhang et al. 2008; Zhao et al. 2008a) , it may also interact with other transcription factors (Alarcon et al. 2009; Zhang et al. 2011a) . We tested whether Sd is required for Yki function in polar cells. Knockdown or over-expression of sd alone in polar cells did not affect border cell migration (Fig. 3F , H, L, O). Knockdown of sd in polar cells did alleviate the migratory defect caused by over-expression of yki-3SA (Fig. 3M, O) , suggesting that sd is required for Yki in polar cells to regulate the migration of border cell clusters.
The Hippo pathway controls the number of polar cells
Hippo signaling is a tumor-suppressing pathway inhibiting cell proliferation. When wts was knocked down or yki was over-expressed with upd-Gal4, five to fifteen Fas3-positive cells were observed (Fig. 3C , J, K, M). Since our previous study has demonstrated that the Hippo pathway controls polar cell fate during early oogenesis (Chen et al. 2011) , it is crucial to examine whether modulation of the Hippo pathway disrupts polar cell fate determination, which in turn attenuates border cell migration. While there were usually two polar cells at the anterior end of an egg chamber (Fig 4A, D, F) , knockdown of wts with upd-Gal4 led to more than two cells expressing polar cells markers PZ80-lacZ (a lacZ insertion in Fas3) and A101-lacZ (a lacZ insertion in neur) ( Fig. 4A-E ). In addition, elevated levels of Armadillo (Arm) at the apical side were observed in wts-knockdown cells, which was similar to the Arm pattern of polar cells in the UAS-GFP control (Fig. 4F, G) (Peifer et al. 1993 ). These results suggest that knockdown of wts with upd-Gal4 increases polar cells instead of disrupting polar cell fate. Furthermore, polar cells usually withdraw from cell cycle by stage 2, but we observed Cyclin B (CycB)-positive polar cells when we knocked down wts with upd-Gal4 after stage 7 (Fig. 4H, I ). This result suggests that wts-knockdown polar cells remain proliferating during midoogenesis. Interestingly, extra polar cells may not interfere with the migration of border cell clusters since many of them migrated normally (Fig. 3M) . To further confirm that the Hippo pathway is required for border migration besides its roles in polar cell fate determination during early oogenesis, we used the temperature-sensitive Gal80 system (Mcguire et al. 2003) . Attenuation of border cell migration was observed after the flies were incubated at 29°C for as short as 40 hours (Fig. S1) 
The Hippo pathway is required in polar cells for the induction of outer border cells
In addition to the migratory defect, border cell clusters usually failed to form when wts was knocked down or yki-3SA was over-expressed in polar cells (Fig. 3C , J, K). We hypothesized that the Hippo pathway in polar cells might be essential for the induction of outer border cells. To test this hypothesis, we stained ovaries with an antibody against Slbo, a marker for border cells (Rorth et al. 2000) , and we (Fig. 3L, P) . In contrast, knockdown of sd in yki-3SA over-expressing polar cells increased the cell number of Slbo-positive cells ( Fig. 3M, P) , suggesting that the function of Yki in outer border cell induction requires sd.
The Hippo pathway in polar cells is required for the activation of JAK/STAT signaling in outer border cells
Slbo acts downstream of JAK/STAT signaling in regulating border cell fate and migration (Beccari et al. 2002; Silver et al. 2005) . Since the Hippo pathway in polar cells controls the number of Slbopositive cells as well as the migration of border cell clusters, it is possible that it regulates JAK/STAT signaling activity in outer border cells. We examined JAK/STAT signaling activity using a reporter line 10Xstat::gfp (stat-GFP). In the control group, GFP was detected in outer border cells throughout the process of border cell induction and migration (Fig. 5A, B) . Knockdown of wts or over-expression of yki-3SA in polar cells significantly reduced the level of stat-GFP in outer border cells (Fig. 5C, D) .
Over-expression of sd in polar cells did not affect the level of stat-GFP in outer border cells (Fig. 5E ).
This result suggests that the Hippo pathway in polar cells is required for the activation of JAK/STAT signaling in outer border cells.
The Hippo pathway controls the expression of upd in polar cells
During border cell induction and migration, JAK/STAT signaling in outer border cells is activated by
Upd secreted from polar cells (Silver and Montell 2001; Beccari et al. 2002; Ghiglione et al. 2002) .
Since the Hippo pathway is required in polar cells for border cell induction and migration, it is possible that the Hippo pathway controls upd expression cell-autonomously in polar cells. To test this, we generated mitotic clones mutant for yki or hpo in an upd-lacZ background. FRT42D clones were generated as controls. We specifically analyzed those pairs of polar cells with a GFP-negative yki or hpo mutant polar cell and a GFP-positive control polar cell (Fig. 6A-C) . In FRT42D clones, expression of upd-lacZ was comparable between GFP-negative FRT42D and the adjacent GFP-positive polar cells (Fig. 6A, D) . yki mutant polar cells expressed more upd-lacZ in comparison with the adjacent control polar cells; hpo mutant polar cells expressed less upd-lacZ in comparison with the adjacent control polar cells (Fig. 6B-D) . This result shows that the Hippo pathway controls upd expression in polar cells. In addition, some yki mutant cells expressed ectopic upd-lacZ and induced ectopic border cell migration (Fig. S2) . Importantly, the levels of upd-lacZ in polar cells and stat-GFP in outer border cells were not affected when outer border cells were mutant for hpo (Fig. S3A, B) . Outer border cells mutant for hpo remained positive for Slbo (Fig. S3C) . These results exclude the possibility that the Hippo pathway regulates upd expression in a non-cell autonomous manner. Together, our data demonstrate that the Hippo pathway promotes upd expression in polar cells. 
The
Discussion
In this study, we identified two roles of the Hippo pathway in border cell migration: 1) in outer border cells, the Hippo pathway regulates localization of the actin cytoskeleton; 2) in polar cells, the Hippo pathway promotes upd expression to regulate the induction of outer border cells and border cell migration (Fig. 7) . A recent study reports that some Hippo pathway components regulate polarization of actin cytoskeleton of the border cell cluster (Lucas et al. 2013) . They show that Wts is activated and localized to the interface between border cells, where Wts phosphorylates and inhibits Enabled, a crucial actin regulator. Thus actin polymerization is restricted to the outer rim of the migrating cluster instead of the boundaries between border cells. In our study, over-expression of hpo led to abnormal actin polymerization between border cells and attenuated cell migration ( Fig. 2B-E Thus, we have identified a new role of the Hippo pathway in regulating border cell migration.
We did not observe any migratory defect when hpo or wts was knocked down in outer border cells with slbo-Gal4 ( Fig. 2A) . On the contrary, border cell clusters with hpo or wts mutant border cells showed severe migratory defects (Fig. 1) . We did find strong migratory defects when we overexpressed hpo with slbo-Gal4, suggesting that slbo-Gal4 driver indeed promoted transgene expression efficiently in outer border cells. Therefore, it is likely that driving RNAi with slbo-Gal4 may not efficiently knock down genes prior to or during border cell migration in outer border cells when the target protein is stable (Yang et al. 2012 ).
In our experimental conditions, border cell clusters of entirely wts mutant cells have never been observed. Furthermore, border cell clusters containing hpo or wts mutant polar cells and wild-type outer border cells have never been obtained (Fig. 1) . This phenomenon can be explained by our previous findings that the Hippo pathway is involved in polar cell determination (Chen et al. 2011) .
The Hippo pathway is critical to promote polar cell fate by suppressing Notch signaling during early oogenesis. Because mitotic mutant clones of hpo or wts were usually induced at early stages, we could not observe hpo or wts mutant polar cells. In addition to polar cell fate determination, we find that the Hippo pathway controls polar cell numbers by regulating cell proliferation. During cell fate determination in early oogenesis, the Hippo pathway promotes polar cell fate. Therefore, mutation of hpo or wts suppresses polar cell formation (Chen et al. 2011) . Once polar cells are determined, the Hippo pathway suppresses proliferation of polar cells. The upd-Gal4 is expressed after polar cell fate is determined, so knockdown of wts or over-expression of yki-3SA with upd-Gal4 should increase polar cell numbers through promoting cell proliferation. Although these wts-knockdown cells resembled polar cells based on their expression of Fas3, PZ80-lacZ, A101-lacZ, and increased level of Arm at the apical region (Fig. 3, 4 ), they were positive for Eya after stage 7 (Fig. S4 ). Eya should be detected only in follicle cell precursors and main-body follicle cells, but not in polar cells (Bai and Montell 2002) . It is possible that the Hippo pathway controls eya expression since ectopic Eya is also detected in posterior follicle cells mutant for hpo or wts after stage 8 (Meignin et al. 2007; Polesello and Tapon 2007; Yu et al. 2008) . Although knockdown of wts or over-expression of yki-3SA increased polar cells, these polar cells did not induce stat-GFP in neighboring cells (Fig. 5C, D) . This result suggests that polar cell fate can be dissociated with upd expression.
In addition to polar cell fate determination and cell proliferation (Chen et al. 2011) , the Hippo pathway plays roles in multiple steps of follicle cell development by interacting with various signaling cascades. In follicle stem cells, the Hippo pathway acts in parallel with Hedgehog signaling in regulating follicle stem cell proliferation (Huang and Kalderon 2014) . In posterior follicle cells, the Hippo pathway is required for inducing their Gurken-and Notch-dependent differentiation (Meignin et al. 2007; Polesello and Tapon 2007; Yu et al. 2008) . In this study, we find that the Hippo pathway controls JAK/STAT signaling through regulation of upd expression during border cell migration. All together, integration with other signaling cascades to control various cellular functions appears to be a particularly prominent feature of the Hippo pathway. In the Drosophila eye, the Hippo pathway has also been shown to regulate cell proliferation and apoptosis during early development as well as cell fate determination in post-mitotic photoreceptors (Jukam et al. 2013) . As to the regulation of actin cytoskeleton, the Hippo pathway has been demonstrated to respond to mechanical force and cell contact by acting downstream of cytoskeletal rearrangement (Sansores-Garcia et al. 2011) . Here during cell migration, the Hippo pathway regulates actin polymerization ( Fig. 2) (Lucas et al. 2013 ). It will be interesting to examine whether cytoskeletal rearrangement also regulates the Hippo pathway, and together mutually regulate cell migration.
Previous studies have shown that inactivation of the Hippo pathway or activation of Yki induces upd expression in midgut and certain regions of the wing imaginal discs where upd is endogenously expressed (Karpowicz et al. 2010; Ren et al. 2010a; Shaw et al. 2010; Staley and Irvine 2010) . In our study, we found that upd expression was increased in yki mutant clones ( In conclusion, our data show the Hippo pathway regulates border cell migration through controlling polarized distribution of F-actin and interacting with JAK/STAT signaling pathway. Both
Hippo and JAK/STAT pathways are involved in various aspects of tumorigenesis, such as tumor growth, EMT, and metastasis of tumor cells (Hou et al. 2002; Pan 2010; Wang and Huang 2010; Harvey et al. 2013 ). It will be interesting to study the interplay of these two pathways in cancer formation.
Figure legends 
